In order to sense the presence of foreign invaders, many cells of the innate and adaptive immune systems employ activating immune receptors that are comprised of a ligand-binding subunit with no signaling capacity and subunits that couple the receptor to the intracellular signaling machinery (Call and Wucherpfennig, 2007) . A key part of the signaling capacity of these receptors resides in immunoreceptor tyrosine-based activation motifs (ITAMs) (Reth, 1989) . Of the many receptors that contain ITAMs, the one used by αβT cells to recognize antigen is the most complicated. The α and β chains of the heterodimeric T cell receptor (TCR) typically bind the composite surface of a peptide embedded within a major histocompatibility complex molecule (pMHC). Information about the potency of the pMHC is then transferred to the ITAMs of the associated CD3γε, CD3δε, and CD3ζζ signaling dimers, which are subsequently phosphorylated by the Src kinases, Lck and Fyn. This process is commonly referred to as TCR triggering; it is a complicated process that remains poorly understood despite the efforts of many investigators over more than 20 years. The results of a collaborative effort from the Chou and Wucherpfennig labs, presented in this issue (Xu et al., 2008) , represent an important breakthrough in defining a mechanism by which interactions of ITAMs with the plasma membrane act as the "safety" on the TCR trigger.
A fully assembled TCR-CD3 complex contains a total of ten ITAMs: one each for CD3γ, δ, and ε and three in CD3ζ. Experiments in which the ITAMs have been selectively inactivated indicate that the number of ITAMs that are phosphorylated upon TCR engagement determines how thymocytes or mature T cells respond (Holst et al., 2008) . Thus, having ten ITAMs is thought to allow for "scalable signaling" to elicit the appropriate thymocyte or T cell response from a range of potential responses that can result from TCR engagement.
This suggests that tight control over ITAM phosphorylation must exist to prevent inappropriate signaling. Aivazian and Stern (2000) showed that a recombinant cytoplasmic domain of CD3ζ, which has a net positive charge due to clusters of basic amino acids, can bind to acidic phospholipid vesicles and that this interaction prevents phosphorylation of the CD3ζ ITAMs by Lck. They proposed a model in which the binding of the CD3ζ cytoplasmic domain to the plasma membrane in some way prevents the spontaneous phosphorylation of the ITAMs, whereas receptor multimerization, upon TCR engagement, results in a high local concentration of the intracellular domains. Sigalov et al. (2006) , the authors demonstrate that the affinity of a soluble CD3ε polypeptide for lipid vesicles depends on the composition of the vesicles. Using mutagenesis, they demonstrate that this interaction is mediated by a cluster of membrane-proximal basic residues, rather than the hydrophobic residues of the ITAM. Importantly, binding prevented the tyrosines from being phosphorylated by Lck. However, one caveat to these and the previous experiments is that the electrostatic interactions observed in these assays may be an in vitro artifact.
To establish that the CD3ε cytoplasmic domain can interact with the electronegative inner leaflet of the plasma membrane of living cells, the authors expressed the extracellular and transmembrane domains of the killer cell immunoglobulin-like receptor KIR2DL3 fused to a teal fluorescent protein (TFP)-tagged CD3ε cytoplasmic domain in Jurkat T cells and labeled the cells with R18 membrane dye. Fluorescence resonance energy transfer (FRET) was observed between TFP and R18 with the wild-type CD3ε reporter construct but was diminished if the membrane-proximal basic residues of the cytoplasmic domain were changed to serines. These data indicate that, in isolation from the full complement of TCR-CD3 cytoplasmic domains, the cytoplasmic domain of CD3ε can reside in close association with the inner leaflet of the membrane of a living cell. The authors then provide a striking picture of how the pieces come together by determining the NMR structure of the CD3ε cytoplasmic domain in association with a lipid bicelle. They show that it is embedded in the polar headgroups of the membrane, with the key tyrosine residues inserting into the interior of the bilayer.
Taking the data together, this study shows that positively charged intracellular domains that contain ITAMs can bind to the inner leaflet of the plasma membrane in living cells such that the crucial tyrosines are completely buried ( Figure  1 ). This would clearly prevent ITAM phosphorylation, and the signaling cascade that follows. Presumably this mechanism is applicable to all of the receptors that utilize this motif.
These findings provoke the obvious question of what would dislodge an ITAM motif from the membrane and allow phosphorylation. A mechanical force transmitted across the membrane or a change in the local environment of the complex upon TCR engagement are cited as possibilities. The two are not mutually exclusive, as a change in the local environment presumably requires an initiating signal. Mechanical forces (van der Merwe, 2001), receptor multimerization (Aivazian and Stern, 2000) , or both, depending on the density of pMHC, might disrupt the interaction of some CD3ε and/or CD3ζ cytoplasmic domains with the membrane to initiate signaling. Or, they might somehow provoke phosphorylation of the cytoplasmic domains of CD3δ and CD3γ, which lack polybasic clusters and do not associate with acidic lipids (Sigalov et al., 2006) . The resultant signaling cascade from either scenario could induce the depletion or accumulation of second messengers, such as phosphatidylinositol bisphosphate (PIP 2 ), inositol triphosphate (IP 3 ), or Ca
2+
, that could alter the membrane potential and release the associated cytoplasmic domains of CD3ε and CD3ζ similar to mechanisms that regulate phagocytosis (Yeung and Grinstein, 2007) . The potency of the pMHC might influence the amount of second messengers that are depleted or released, which could impact the number of ITAMs available for phosphorylation and thus provide a basis for scalable signaling. However, the risk inherent in this scenario is that the change in the environment could nonspecifically release ITAMs from the membrane of nonengaged receptors for access by the Src kinases. This lack of control is not appealing, but other possibilities exist. For example, phosphorylation of serine and threonine residues within polybasic regions can disrupt interactions with the membrane (Yeung and Grinstein, 2007) . The cytoplasmic domain of CD3ε has two serines and two threonines within the polybasic region shown to mediate interactions with the membrane (Figure 1 of Xu et Shown on top are the subunits comprising the extracellular portion of the T cell receptor-CD3 complex: TCRα (gray), TCRβ (purple), CD3γ (dark green), CD3δ (light green), and CD3ε (orange). The cytoplasmic domains, including CD3ζ (yellow), are shown on the bottom along with the inner leaflet of the plasma membrane. The blue dots indicate stretches of basic residues that mediate interactions with the acidic inner leaf of the plasma membrane, while the phenyl rings indicate the critical tyrosines within the ITAM motifs. On the left, the TCR triggering safety is "on" and the ITAM motifs of the CD3ε and CD3ζ cytoplasmic domains are depicted as partially embedded within the plasma membrane with the tyrosines buried in the bilayer. On the right, the safety is "off" due to ligand binding (here as an antigenic peptide embedded in a major histocompatibility complex molecule [pMHC] ); this may also occur spontaneously. In this "off" state, the critical tyrosine residues in the ITAM motifs become accessible to cytoplasmic Src kinases and become phosphorylated.
al.), whereas the cytoplasmic domain of CD3ζ has two serines within the analogous region (Sigalov et al., 2006) . Interestingly, the serine/threonine kinase GRK2 has been shown to constitutively associate with the polybasic region of the CD3ε cytoplasmic domain (DeFordWatts et al., 2007) . A mechanical force or multimerization could be invoked as the causative agent of the serine/threonine phosphorylation. Such a mechanism is appealing because exposing the CD3ε and CD3ζ cytoplasmic domains for phosphorylation would be intrinsic to the TCR-CD3 complex that is engaged. Scalable signaling might also be regulated via serine/threonine phosphorylation within the ITAMs, as has been shown to regulate B cell receptor signaling (Muller et al., 2000) . Clearly several more pieces need to be put in place before the TCR signaling puzzle is solved, but the study by Xu and colleagues is an important step forward.
Understanding how myriad different cell types in the brain communicate to give rise to cognition and perception is the central challenge of neurobiology today. One powerful method for helping to understand how cells communicate is genome-wide gene profiling. However, because of the large degree of cellular heterogeneity, the mammalian central nervous system (CNS) poses particular challenges for gene profiling. Not only is the CNS composed of multiple distinct and often ill-defined regions, but each of these regions also consists of multiple cell types, many of which are rare and contribute only a small fraction of mRNAs to the total pool of transcripts. Although ambitious projects such as the Allen and GENSAT brain atlases that map gene expression patterns in the brain have provided invaluable information about the spatial expression of large numbers of genes within the CNS, the exact identities of the cells expressing the genes are not always evident. Moreover, these databases cannot hope to be comprehensive in capturing the gene expression changes that occur in different CNS cell populations in various disease states or experimental scenarios. A variety of clever strategies have been successfully applied to profile gene expression using mRNAs isolated from highly purified populations of specific CNS cell types. These methods have taken advantage of transgenic mice expressing fluorescent proteins in the specific CNS population of interest or the use of retrograde tracer marking to label specific populations (Arlotta et al., 2005; Sugino et al., 2006; Lobo et al., 2006; Dugas et al., 2008; Cahoy et al., 2008) . Although these techniques have yielded much useful information, they share several potential disadvantages, including the concern that the act of isolating the cells may alter their transcriptional profile. 
